(31 %), m-nitrophenol (9 %), p-nitrophenol (9 %), m-aminophenol (4 %), o-aminophenol (3 %), 4-nitrocatechol (0.7 %), aniline (033%) and o-nitrophenol (0.1%). Two new metabolites, nitroquinol (0.1 %) and p-nitrophenylmercapturic acid (0.3 %), were found in the urine.
During the past few years a number of new C40 polyenes have been found in plants (Karrer & Jucker, 1950; Goodwin, 1952a Goodwin, , 1955a . Perhaps the most important of these from the viewpoint of carotenogenesis is the series of hydrocarbons, chemically related to lycopene, consisting of tetrahydrophytoene, phytoflueue, 4-carotene, neurosporene and lycopene. (The first three members of this series are colourless; hence the term 'carotene' will be used only in discussing the coloured members of the series, and the term 'polyene' will be used as a general term including both coloured and colourless members.) As a result of a study of the distribution of these polyenes in the firuit of various tomato crosses, Porter & Lincoln (1950) concluded that the biosynthesis of lycopene probably occurred via this series by sequential dehydrogenation of the almost completely saturated tetrahydrophytoene.
One of the aims of the present survey was to discover, within the limits of the species available, how widespread was the distribution of the 'Porter-Lincoln' series in fruit and berries.
Goodwin (1952a, 1955a, b) lists the polyenes found in the fruit of some 100 plant species. Most of these species, however, were investigated from * Part 18: Goodwin & Jamikomn (1956) . a chemical point of view, and only the major components were isolated and examined; the minor components, which, from the trend of modern developments in carotenoid biochemistry, might be of considerable importance, were rarely examined. The second aim of this investigation was, therefore, to begin the accumulation of information on all polyenes occurring in various fruit and berries. It is interesting that since the experimental work reported here was completed, a number of workers have concerned themselves with the distribution of the minor components of carotenoids in plants materials (e.g. Haxo, 1952;  Turian & Haxo, 1954; Taha, 1954; Curl & Bailey, 1954) .
Twenty-three species, representing eight families, have been examined, most of them for the first time. In the few species which have been reexamined, the minor components have not been considered previously.
EXPERIMENTAL
Materials. The species investigated, together with their trivial names and the localities where they were collected, are listed in Table 1 . All specimens were collected during August-eptember 1952; a second sample of Arum maculatum was collected during the same period of 1953.
Extraction of polyenes. The crushed berries were ground to a fine dry powder with anhydrous Na2SO4 and acidwashed silver sand, and the pigments extracted in the cold by stirring with successive portions of diethyl ether until no further colour was removed; usually three to four treatments were sufficient. Each extract was filtered through a sintered-glass filter (G x 16) and the combined extracts were evaporated to dryness in vacuo at 250. In order to remove neutral fat and chlorophyll, which might interfere with the chromatographic separation of the polyenes, the residue was saponified by boiling for 2 min.
with a suitable volume (approx. 10 ml.) of 20% (w/v) ethanolic KOH. The unsaponifiable matter (containing the polyenes) was extracted by the method of Goodwin & Morton (1946) and dissolved in light petroleum (10-20 ml.) (light petroleum b.p. 40-60' was used throughout this investigation), ready for chromatographic separation. In some cases the extracts were first dissolved in a few drops of ethyl ether before addition of the light petroleum. This was necessary only when petroleum-insoluble xanthophylls were present.
Chromatographic separation of polyenes. The polyene mixtures were first separated into hydrocarbons and xanthophylls on a column of deactivated alumina, prepared by treating activated alumina (Grade 'O', P. Spence and Co., Widnes) with methanol (Goodwin & Srisukh, 1949 (Goodwin, 1952b (Haxo, 1952; Porter & Lincoln, 1950;  Trombly & Porter, 1953; Turian & Haxo, 1954; Goodwin, 1952b Goodwin, , c, 1953a Goodwin, , 1954 Goodwin, , 1955b has shown that Goodwin (1955b) . because of the change from mono-to di-hydroxy carotenoids.
The xanthophyll fraction. The pigments remaining on the deactivated alumina after the removal of the hydrocarbon polyenes are fractionated by development with light petroleum containing increasing amounts of ethyl ether. Some of the more strongly adsorbed carotenoids are not eluted even with pure ether; in these cases development is continued with ethyl ether containing increasing amounts of ethanol. As with the hydrocarbons the well-described xanthophylls can be identified by their relative adsorptive properties and the shape and position of their absorption spectra, together with ancillary tests, such as partition between light petroleum and methanol containing either 5 or 10 % (v/v) of water and interaction with HCI in ethereal solution. Table 3 shows the relative positions, found in this Laboratory, of the commoner xanthophylls on a column of alumina. Contrary to the experience with the hydrocarbon polyenes, care must be taken not to extrapolate this order to other adsorbents, or even to alumina used with other developing solvents (Strain, 1948) . Xanthophylls that are not included in Table 3 are considered in detail in the appropriate section.
Quantitative determination of the polyenes. Good estimates of the total carotenoid content of the crude extracts were made by measuring E1 cm. at 450 m,u. of the extract and assuming El % for the mixture to be 2500, the value for ,B-carotene. For these determinations, the presence of the colourless polyenes was ignored. The various purified fractions were dissolved in known volumes of light petroleum and the E,n,. values measured in a 1 cm. cell. By comparing these with the El %. values for the pure pigments (Karrer & Jucker, 1950; Goodwin, 1952a ) the amounts of the pigments present could be calculated. If the El % value of a pure pigment was not known, it was assumed to be 2500. No allowance was made for losses on chromatography; for the hydrocarbons these are negligible, but with the highly oxygenated xanthophylls appreciable losses, up to 25 %, may occur.
Spectrophotometric measurements. These were carried out with either a Beckman DU or Unicam SP. 500 instrument.
RESULTS
Carotenoid concentration and relative amounts of hydrocarbons and xanthophylls in the berries Table 4 shows that the concentration of carotenoids varies from almost zero (0.2,g./g.) to 600 jug./g., and that the relative amounts of hydrocarbons also 89-8 8-0 8-9 -56-2 * In many cases tran8-phytofluene was also observed in traces. In view of the observation of Koe & Zechmeister (1953) that phytofluene is extremely heat-labile, it is probable that the traces of trans-phytofluene in our extracts were artifacts. (Goodwin, 1952 a) . All the specimens examined were 'ripe', but the exact degree of ripeness was not known.
Constituent hydrocarbon polyenes In order to save space the individual protocols for each species are not given; the occurrence and quantitative distribution of the well-characterized hydrocarbons are given in Table 5 .
Prolycopenes. The first fractionations of the polyenes of Arum maculatum revealed a large brown zone between y-carotene and lycopene. On rechromatographing this zone on active alumina, three fractions were obtained, with spectral maxima corresponding with those of prolycopenes I, II and III (Zechmeister & Pinckard, 1947) . The shapes were not, however, completely identical with those of Zechmeister & Pinckard. This is probably due to the difficulty of obtaining them chromatographically homogeneous, but iodine isomerization convincingly demonstrated their prolycopene nature, for immediately on the addition of iodine all underwent a marked shift in absorption maxima to give the characteristic curve of the equilibrium mixture of ci8-tran-s-lycopenes (Zechmeister, 1944) ; this is illustrated in Fig. 1 for the pigment considered to be prolycopene II. t It is very difficult to separate these stereoisomers (Karrer & Jucker, 1950) ; no attempt was made to do so in this survey.
Additional pigments alsoprobablypresent in traces but the total amountsof xanthophylls weretoosmalltoconfirmthis. § The same results in all species examined; only traces of xanthophylls were present.
Cis isomers present.
Data from Goodwin (1952c) . ** Pigment X (Goodwin & Osman, 1953) also present. tt This fraction was rather more strongly adsorbed than is usual for lutein; it might be lutein 5:6-epoxide.
I: Also contains traces of lutein. Prolycopenes, with prolycopene II predomninating, were also observed in smaller amounts in Rosa spp. and Solanum dulcamara, but were not detected in any other species.
Xanthophylls
The distribution of the common xanthophylls in the berries examined is given in Table 6 . Apart from Cotoneaster hebephylla (discussed below) a characteristic feature is the complete absence of new pigments. aotoneaster hebephyUa. Two pigments present in traces occurred adsorbed between aurochrome and flavoxanthin. These pigments have absorption spectra identicalwiththose offlavoxanthin and aurochrome respectively. From their adsorptive properties they are probably monohydroxy derivatives of the two parent pigments.
Rhodoxanthin. The absorption spectra in two solvents obtained with chromatographically pure rhodoxanthin obtained from the arils of Tax:u baccata are given in Fig. 2 . It will be seen that although the main maxima correspond well with those of Kuhn & Brockmann (1933) (500 and 502 mEt. in benzene and 484 and 487 m,u. in light petroleum) there was little sign of the two subsidiary bands reported by Kuhn & Brockmann. As it is known now that ketocarotenoids rarely have more than one absorption band (Goodwin, 1952a) , it is possible that the earlier observations with less accurate spectroscopic instruments were incorrect in detail. Two compounds closely related to rhodoxanthin, but with absorption maxima at slightly lower wavelengths, were also observed in our extracts; they are probably ci8 isomers of rhodoxanthin. Lubimenko (1920) also noted a number of different modifications of rhodoxanthin.
DISCUSSION
As long ago as 1914 Lubimenko (1914) noted that lycopene was present in Arum iitalcum only in small amounts, together with large amounts of a 'Lykopin er8ter Ordnung'; this Kylin (1927) observed in A. italicum and A. orientate and named arumin. A. maculatum has been examined only once previously when lycopene was isolated (Karrer & Wherli, 1930) ; the presence of other pigments was not mentioned. It is now obvious that 'Lykopin er8ter Ordnung' and arumin are mixtures of prolycopenes. 'Arumin' and 'Lykopin er8ter Ordrung' were also noted in Rosa canina and Solanum dulcamara (Lubimenko, 1920; Kylin, 1927) ; in the present work prolycopenes have also been identified in these species.
It is difficult to identify Kylin's sorbusin, which he found in his specimens of S. aucuparia, with any pigments observed in the present investigation.
Cap8icum annuum and Rosa spp. have been studied many times previously (see e.g. Goodwin, 1952a) , and the only novel feature of the present investigation is the detection for the first time of phytoene in C. annuum.
The Ctotoneaster spp. examined here have not previously been investigated, although lutein and violaxanthin, but not #-carotene, were detected in traces in C. occidentali8 (Karrer & Rutschmann, 1945) ; 'lipochromes' were reported in an unnamed Cotonea8ter sp. by Kohl (1902) . Similarly, the only previous report of carotenoids in Crataegus spp. is of 'lipochromes' in C. cruwgalli (Thudichum, 1869) .
Hippophae rhamnoides has been previously investigated by Karrer & Wherli (1930) , who reported the presence of traces of zeaxanthin. Lonicera perildymenum closely resembles the related L.
japonica (Goodwin, 1953a) , differing only in producing less phytofluene and no 71-carotene. Pyracantha roger8iana berries are similar to P. coccinea (Karrer & Rutschmann, 1945) in producing only traces of carotenoids. P. flava, on the other hand, synthesizes considerably more, with the hydrocarbon fraction (about 50 % of the total pigments) consisting exclusively of $-carotene with a minute trace of phytofluene. This is again in contrast to another species, P. angu8tifolia, in which, although ,B-carotene remains the main hydrocarbon component, large amounts of prolycopenes I-VI and phytofluene are found (Zechmeister & Sandoval, 1945) . Further evidence that there is considerable inter-species variation in the genus Pyracantha comes from the observation that P. yunanen8w produces much less phytofluene (0 04 mg./kg. fresh wt.) than does P. angqu8tifolia
(15-28 mg./kg. fresh wt.) (Zechmeister & Sandoval, 1945) .
Lycopene has been confirmed as the major hydrocarbon of Solanum dulcamora (Zechmeister & Cholnoky, 1936) and Tamus communi8; phytofluene, phytoene and $-carotene were, however, observed for the first time in T. communi8. The presence of lycoxanthin and lycophyll was also confirmed in S. dulcamara, but, owing to the very low percentage of xanthophylls in our specimnens of T. communi8, and the small amounts of berries available, it was not possible to look for them in this species.
The presence of rhodoxanthin in the arils of Taxu8 baccata has been confirned (Kuhn & Brockmann, 1933) , and a number of c8 isomers also appeared on the column; it is not known whether these are artifacts or not, but would explain Lubimenko's (1914) observation of five different modifications of rhodoxanthin in his specimens. The hydrocarbons in T. baccata, in which ,-carotene predominates, have not been previously described.
General conclueionm
The following general conclusions can be drawn from these and previous investigations on berries (see Goodwin, 1952a) . (a) ,8-Carotene is probably always present in berries to some extent; the failure to record #-carotene in some previous experiments (see Goodwin, 1952a, pp. 36-37) is almost always associated with the presence of lycopene; when lycopene is present ,B-carotene can often be a minor constituent (Table 5 ) and this may well have been missed or ignored in earlier work. (b) Lycopene, often considered a characteristic polyene of fruit, is often absent, but when it is present one or more members of the phytofluene series are also present, although tetrahydrolycopene .(neurosporene) is conspicuous by its absence. (c), When P-carotene is the only hydrocarbon present, it is accompanied by the xanthophylls characteristic of green leaves and also by chlorophyll; in these cases the total carotenoid content of the berries is rather The present investigation further emphasizes the view (Goodwin, 1952a) that the distribution of carotenoids in berries appears at the present time to have no obvious taxonomic significance. The best example in support of this is the great species differences observed in the genus Pyracantha (discussed above). The situation is so complex that many more surveys of the present type will be necessary to reveal possible taxonomic correlations.
The failure to observe tetrahydrolycopene (neurosporene) along with the other members of the Porter-Lincoln series in most lycopene-containing berries further suggests that this series is synthesized in parallel fashion rather than sequentially (Goodwin, 1953b) .
SUMMARY
The complete polyene distribution has been determined for berries of twenty-three species representing eight families.
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